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Objectives. To describe excess mortality during the COVID-19 pandemic in Guatemala during 2020 by

week, age, sex, and place of death.

Methods.We used mortality data from 2015 to 2020, gathered through the vital registration system of

Guatemala. We calculated weekly mortality rates, overall and stratified by age, sex, and place of death.

We fitted a generalized additive model to calculate excess deaths, adjusting for seasonality and secular

trends and compared excess deaths to the official COVID-19 mortality count.

Results.We found an initial decline of 26% in mortality rates during the first weeks of the pandemic in

2020, compared with 2015 to 2019. These declines were sustained through October 2020 for the

population younger than 20 years and for deaths in public spaces and returned to normal from July

onward in the population aged 20 to 39 years. We found a peak of 73% excess mortality in mid-July,

especially in the population aged 40 years or older. We estimated a total of 8036 excess deaths (95%

confidence interval57935, 8137) in 2020, 46% higher than the official COVID-19 mortality count.

Conclusions. The extent of this health crisis is underestimated when COVID-19 confirmed death counts

are used. (Am J Public Health. 2021;111(10):1839–1846. https://doi.org/10.2105/AJPH.2021.306452)

The COVID-19 pandemic directly

caused at least 2 million confirmed

deaths worldwide during 2020. During

the first months of the pandemic, the

strongest mortality impacts occurred in

England and Spain, with excess mortality

of 37% and 38%, respectively, between

mid-February and May 2020.1 However,

the Latin American region has been

considerably affected during the rest of

the pandemic, despite having a much

younger population compared with

Europe.2 Fragmented health systems,

wide social inequalities, and a high prev-

alence of chronic conditions may have

contributed to the high COVID-19 toll in

Latin America.3 Guatemala, one of the

poorest countries in Latin America,

reported its first COVID-19 case on

March 13, 2020. In response, the Guate-

malan government implemented sev-

eral control measures such as mobility

restrictions, stay-at-home orders, prohi-

bition of alcohol consumption, and

national lockdowns. These policies were

subsequently revised in periods of 15

days and were tightened or loosened

depending on the number of COVID-19

cases in the country.

Studying the impact of the COVID-19

pandemic by looking only at confirmed

COVID-19 deaths provides an incom-

plete picture of the burden of the pan-

demic. First, confirmed death counts

usually require laboratory confirmation

of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection,4

which has been limited in Guatemala.5

Second, COVID-19 may exacerbate

other health conditions causing deaths

that may not be classified as directly

caused by COVID-19.6 Third, the disrup-

tions to the provision of health services

because of COVID-19 may cause a

delay in the care of other conditions

leading to an increase in mortality

attributable to other causes.7 Fourth,

measures to control COVID-19 (includ-

ing lockdowns and other physical

distancing measures) may aggravate

conditions, especially those related to

mental health8 and intimate partner

violence.9 Last, there may also have

been a decrease in other causes of

death because of a decrease in other

respiratory infections,10 mobility,11

homicides,12 and pollution.13
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Excess mortality, which we define as

the relative difference between ob-

served mortality rates and a baseline

mortality rate calculated from previous

years, is a general measure of the impact

of mortality crises like seasonal influenza

or hurricanes.14 Excess mortality pro-

vides a better way to estimate the overall

impact of the pandemic than confirmed

COVID-19 deaths alone, which may be

underascertained because of the pres-

ence of limited testing, indirect mortality

effects, and changes in other environ-

mental factors. To advance further pre-

paredness, we aimed to describe excess

mortality patterns in Guatemala during

the COVID-19 pandemic in the period of

March 13 to December 31, 2020.

METHODS

Guatemala is part of the Central Ameri-

can region, with a population of 16.9

million inhabitants. It ranks among the

poorest countries in Latin America. To

mitigate the COVID-19 pandemic, the

Guatemalan government announced a

number of public health measures on

March 14, 2020, including the suspen-

sion of schools and sport activities and

travel restrictions. These measures

were further strengthened on March

16, including complete air travel bans

and curfews, followed shortly after by

restrictions to internal mobility and

stricter lockdowns. These policies were

loosened during early June, and the

lockdowns and travel restrictions were

lifted in September 2020, based on a

local system of alerts using the number

of COVID-19 cases and the test positiv-

ity ratio for each municipality.

Data Sources

We analyzed de-identified individual-

level mortality data from the National

Registry of Persons (RENAP, for Registro

Nacional de Personas), the national vital

registration system of Guatemala, from

January 1, 2015, to December 31, 2020.

RENAP is a centralized institution with

national coverage that collects informa-

tion about civil registration (births,

deaths, marriages, divorces. and natu-

ralization processes). RENAP provided

data on date of death and registration,

sex, age, nonstandardized causes of

death, region (departamentos) of occur-

rence, and place of death (e.g., home,

public spaces, hospital). These data did

not include the deaths of infants youn-

ger than 1 year.

There is a known delay in death regis-

tration, as deaths are not registered

immediately. To account for this, we

estimated the delay in registration by

comparing date of registration and

date of occurrence. We found that 50%

of deaths were registered within 1

week and 90% of them within 4 weeks

after occurrence. See Appendix, Figures

A–D (available as supplements to the

online version of this article at http://

www.ajph.org) for more details on the

analysis of delays in reporting. Based

on this analysis, we used data on

deaths reported up until February 28,

2021. This ensured that almost all

deaths that occurred up to December

31, 2020, were included, even if regis-

tration was delayed, providing for a

nearly complete picture of deaths in

2020. We conducted all of the analyses

using the date of occurrence, catego-

rized in epidemiological weeks.

We used population counts as

denominators from the population pro-

jections calculated by the National Insti-

tute of Statistics.15 We also obtained

the official number of confirmed

COVID-19 deaths by week from the

Ministry of Health of Guatemala

(https://tablerocovid.mspas.gob.gt),

defined as deaths of people who had a

confirmed COVID-19 laboratory test.

Statistical Analysis

The main objective of this analysis was

to describe excess mortality during the

first calendar year of the COVID-19

pandemic in Guatemala and to explore

temporal trends and patterns by age,

sex, and place of death. We calculated

weekly mortality counts by using stan-

dardized epidemiological weeks as

defined by the Centers for Disease

Control and Prevention. We also esti-

mated crude weekly mortality rates,

using population projections as

denominators.

We defined excess mortality as the

absolute difference in weekly crude

mortality rate in 2020 compared with

the average weekly mortality rate in

2015 to 2019 (mortality rate in

2020–average mortality rate in 2015 to

2019). We also calculated the weekly

mortality rate ratio (mortality rate in

2020/average mortality rate in 2015 to

2019) expressed as a percentage. We

further stratified all the analyses by sex

(male or female), place of death (home,

hospital, public spaces, health centers,

and other), and age groups (1–4, 5–19,

20–39, 40–59, 60–74, and$ 75 years).

We estimated years of life lost as a

measure of the overall impact of the

COVID-19 pandemic in Guatemala. For

this, we summed over all residual life

expectancies at each age of death. We

obtained these from sex-specific

abridged life tables for Guatemala for

the 2015–2020 period produced by the

2019 Revision of the United Nations

World Population Prospects. We then

converted these to single-age life tables

using penalized composite link model

graduation,16 as implemented in the

DemoTools R package (https://github.
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com/timriffe/DemoTools). For example,

every death of a male aged 15 years

meant losing 58.5 years of life, as this

was the life expectancy for males aged

15 years in Guatemala for the 2015–

2020 period.

To estimate the total number of

excess deaths during 2020, we com-

puted a smoothed estimate of

expected death counts for each week

of 2020 by fitting a negative binomial

generalized additive model, as detailed

in Basellini et al.17 This model takes into

consideration variations in mortality

within the year, by using week-specific

coefficients, and secular trends, by

using a smoothed time component

that captures long-term mortality

trends.17 We fitted this model using

data from 2015 to 2019, and then pre-

dicted the expected number of deaths

in each week of 2020, which we com-

pared with the actual observed number

of deaths. We then summed over the

weekly excess deaths for the whole

year to obtain an estimate (and 95%

confidence interval [CI]) for the total

excess mortality in 2020. As a sensitivity

analysis, we fitted the initial baseline

model using data for 2015 to 2017 and

repeated the calculation of excess mor-

tality in 2020. We also show more parsi-

monious estimates of excess mortality,

where we calculated the expected

number of deaths in 2020 by fitting a

generalized linear model of the nega-

tive binomial family to the 2015–2019

yearly data with a linear coefficient for

year.

All the analyses were performed in R

version 4.0.3 using the tidyverse and

mcgv packages (R Foundation, Vienna,

Austria).

RESULTS

Starting at week 11 of 2020, when the

first COVID-19 case was detected and

the initial public health measures were

implemented in Guatemala, there was

a drop in all-cause mortality (Figure 1,

Table 1, and Appendix, Figure E). The

lowest mortality was in mid-April (week

15), with around 7.53 deaths per week

per 100000 inhabitants, as compared

with an average of 9.96 deaths per

week per 100000 inhabitants in previ-

ous years. Starting in early May (week

19), mortality started increasing, reach-

ing previous years’ levels in early June

(week 22), and peaking in July (week 28),

with a weekly mortality rate of 17.42

per 100000, as compared with an aver-

age of 10.05 per 100000 in previous

years, a 73% relative mortality increase.

From thereon, mortality decreased pro-

gressively, reaching an average of 10.87

deaths per 100000 in October and

December compared with 9.77 deaths

per 100000 in previous years, making

for an 11% relative increase in mortality

from October to December 2020. Over-

all, we found that there were 4099700

years of life lost in 2020, compared

with an average of 3 731446 in 2015 to

2019, resulting in an increase of

368255 years of life lost, or a 9.9% rela-

tive increase.

We also observed a similar shape of

weekly mortality rates for females and

males, with some differences (Figure 2,

Table 1, and Appendix, Figure F). First,

mortality rates have been higher in

males, with a weekly mortality rate of

11.17 per 100000 inhabitants in the

2015–2019 period, as compared with

8.65 per 100000 in females. Second,

the decrease in mortality during weeks

11 through 21 was stronger in males,

with mortality rates dropping to 8.80

per 100000 inhabitants, compared

with 11.29 per 100000 inhabitants in

previous years, a sharper drop than for

females (7.36 per 100000 inhabitants,

compared with 8.75 in previous years).

Third, the increase in mortality rates

was much steeper for men than for

women. During week 28, the weekly

mortality rate was 22.16 per 100000

inhabitants in males and 12.84 per

100000 inhabitants in females, com-

pared with 11.25 and 8.89 in previous

years, representing a relative increase

of 96.9% and 44.4%, respectively.

We observed distinct weekly mortality

patterns by age group (Table 1 and

Appendix, Figures G and H). First,
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FIGURE 1— Weekly CrudeMortality Rate: Guatemala, January 2015–
December 2020

Note. Vertical dashed line represents week 11, when the first case was detected in Guatemala. Line
for 2015–2019 represents the average weekly mortality rate for that period.
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among age groups 1 to 4 years and 5

to 19 years, we observed a consistent

drop in mortality from week 11 onward,

and this drop has continued through

the end of the study period. Specifically,

during 2020, we observed an average

weekly mortality rate of 1.88 and 1.05

per 100000 inhabitants in people aged

1 to 4 and 5 to 19 years, respectively,

compared with an average of 3.03 and

1.35 per 100000 inhabitants in 2015 to

2019 (38% and 22% relative drop in

mortality). Mortality patterns among

people aged 20 to 39 years followed an

initial decline in mortality from week 11

to week 22, and a return to previous

years’ average from thereon. Lastly, age

groups 40 to 59, 60 to 74, and 75 years

or older saw an initial decline in mortal-

ity from week 11 to week 21, followed

by a large increase. Specifically, we

observed a 49.4%, 66.9%, and 36.4%

increase in relative mortality from week

21 onward for those age groups,

respectively.

We observed distinct patterns by

place of death in the mortality rates

during 2020 (Table 1 and Appendix,

Figures I and J). First, deaths in public

spaces, such as streets or parks,

declined at week 11 and persisted at

lower levels than previous years. Sec-

ond, deaths at home and in hospitals

saw an initial decline from week 11 to

week 21, with a 13.8% and 22.3% drop

in mortality during that period, com-

pared with previous years. Third, there

was a large increase in deaths at home

and in hospitals from weeks 22 to 52,

with an excess mortality rate ratio of

34.4% and 20.5% for deaths at home

and in hospitals, respectively. The

higher mortality rates were found typi-

cally at home, followed by deaths in

hospitals, public spaces, and health

centers.

Figure 3 and Appendix, Figure K,

show the results of the generalized

additive model to estimate the number

of excess deaths after considering sea-

sonality and secular trends. Specifically,

we found an initial mortality decline of

26% in late March, followed by a peak

increase of 73% in mid-July. Compared

with official confirmed COVID-19

deaths, we found a higher initial count

of confirmed deaths (given that overall

mortality was declining at this point),

followed by a large increase in all-cause

excess mortality that was higher than

the confirmed death count. Compared

with mortality between 2015 and 2019,

we found that Guatemala had experi-

enced a total of 8036 excess deaths

(95% CI57935, 8137) in 2020, which is

higher than the 5487 confirmed

COVID-19 deaths officially reported.

This means that excess mortality in

Guatemala during the COVID-19 pan-

demic was 46.4% higher (95% CI5

44.6%, 48.3%) than the official death

count. Alternative model specifications

rendered similar estimates (Appendix,

Table A), and the model fitted using

2015–2017 data showed a good fit to

2018–2019 data (Appendix, Figure L).

DISCUSSION

In this study examining mortality

patterns in Guatemala during the

COVID-19 pandemic, we found that by

December 31, 2020, Guatemala had

experienced a total of approximately

8000 excess deaths, 46% higher than

the official confirmed COVID-19 death

count of 5487. However, this overall

number obscures 4 distinct patterns.

First, we observed an initial decline in

mortality from the date that the first

public health measures were imple-

mented until early June 2020. This was

followed by a sharp increase in mortal-

ity, reaching 73% higher mortality com-

pared with previous years. Second,

while excess mortality affected both

sexes, both the decline and the subse-

quent increase in mortality were steeper

among men. Third, we observed a con-

sistent lower mortality among Guatema-

lans younger than 20 years that lasted

through the entire study period, while

people aged 40 years or older saw a
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FIGURE 2— Weekly Mortality Rate Among (a) Women and (b) Men: Guate-
mala, January 2015–December 2020
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mortality peak during July. Lastly, we

found that consistent with previous

years, most deaths occurred at home,

followed by hospitals, and these loca-

tions saw the highest increases in mor-

tality, both relative and absolute. Deaths

in public spaces declined and stayed low

during the entire period.

These results are consistent with pre-

liminary reports on excess mortality in

Guatemala.18 Other studies have

reported similar trends in other coun-

tries in Latin America19,20 and else-

where,21,22 including large differences

in COVID-19 mortality by age.23 Mortal-

ity differences by sex, with higher mor-

tality among males, have been reported

in other settings24 but are not univer-

sal.25 A deeper understanding of the

sex differentials in COVID-19 mortality,

including differences in sex biology or

gendered behaviors, or differences in

access to care or underlying diseases

by either sex or gender, should be

explored in future studies.

The length of the period of decreased

mortality, spanning 3 months, is a

unique finding of our study. This

decline is unlikely to be caused by

delays in registration, as we utilized

mortality data registered up until

February 28, 2021, allowing for a

several month period of delay in regis-

tration. Although we did not have infor-

mation on cause of death, it seems

plausible that initial declines in mortal-

ity may be related to reductions in risk

factors that account for main drivers of

death in Guatemala. This reduction

could be caused by many of the public

health recommendations or measures

introduced to mitigate the COVID-19

pandemic. For example, both reduc-

tions in air pollution26 and increases in

social distancing10 may have an impact

on other respiratory diseases, the sec-

ond cause of death among children

younger than 5 years in Guatemala.27

In the case of adolescents and young

adults, and given the overall high levels

of mortality from homicides and other

injuries in Guatemala in previous

years,28 a decline in these causes may

be driving these patterns. Other Latin

American countries have reported a

reduction in homicides, traffic injuries,

and other external causes of death

during the pandemic.29 Changes in

mobility could explain the same reduc-

tion in mortality in Guatemala, as there

was a sharp decline in traffic (see

Appendix, Figure M, for trends in

mobility to transit stations and residen-

ces in Guatemala, as obtained from

Google Mobility Reports). In summary,

given the low case fatality of COVID-19

among children and youths,30 the

potential reduction in factors driving

respiratory deaths (i.e., air pollution

and social distancing measures), and

the potential reductions in external

causes of death (the main cause of

death among children and adoles-

cents31), these reductions in mortality

are not surprising.

By mid-May, the decrease in mortality

was reverted, overlapping with the time

when the official number of COVID-19

deaths started to increase. The highest

mortality occurred at home compared

with hospitals, even before the current

pandemic. This phenomenon brings to

the attention potential barriers such as

access to health care and limited hospi-

tal capacity.32 This could be exacer-

bated because of restricted mobility

policies including prohibition of public

transportation and limited number of

ambulances. Restrictions to mobility,

along with lockdowns, may have

affected mortality in public spaces,

which stayed low during the entire

study period. We also found that

individuals aged 40 to 59 years were

the youngest group with a strong

excess mortality, a relatively younger

population compared with other set-

tings.21,33 This difference may have

arisen because of a higher preva-

lence of chronic diseases and limited

access to health services that might

interrupt the access to chronic dis-

ease treatment.

Limitations

Our study had some limitations. First,

RENAP has a delay in registration,

which we accounted for by including 2
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FIGURE 3— Cumulative Excess Mortality Versus Official COVID-19 Mortal-
ity Count: Guatemala, 2020

Note. Vertical dashed line represents week 11, when the first case was detected in Guatemala. Line
for 2015–2019 represents the average weekly mortality rate for that period.
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extra full months of death registration

data (January and February 2021), to

capture deaths that occurred in 2020

but were registered with a delay. How-

ever, we cannot rule out longer delayed

times toward the end of the study

period, or differential delays by age,

sex, or place of death. Appendix Fig-

ures A through D show registration

delays over time, and by age, sex, and

place of death, suggesting differences

at the beginning of the pandemic.

Second, while the coverage of death

counts in Guatemala is generally

high,34 we cannot rule out an increase

in undercounting35 during the pan-

demic. However, if undercounting was

to have increased during the pandemic,

our results would be representing a

conservative estimate of excess

mortality.

Third, RENAP does not include data

for deaths among infants younger than

1 year. Given the high infant mortality

of Guatemala36 compared with other

Latin American countries, this pre-

cludes us from showing the complete

mortality picture during the pandemic.

While mortality among children stayed

low during the entire period, we cannot

rule out increases in mortality among

infants, especially neonatal deaths,

which are highly affected by quality of

health care and early access to health

care, which could have been delayed

because of mobility restrictions.

Fourth, we could not analyze data by

cause of death, because RENAP does

not codify causes of death, and this is a

resource-intensive process that limits

timely analyses during the pandemic.

The process of coding causes of death

is done by the National Institute of Sta-

tistics, which usually releases these

data a year later.

Fifth, toward the end of 2020, hurri-

canes Iota and Eta impacted

Guatemala, causing at least 60 con-

firmed deaths. This could cause an

overestimation of the excess mortality

from the COVID-19 pandemic during

the few last months of 2020.

Lastly, the usual caveats about the

calculation of years of life lost, including

decisions about discounting of years

of life lost depending on age and the

choice of a reference life table, apply

here.37

Conclusions

In summary, we found that the COVID-

19 pandemic has created a mortality

crisis in Guatemala, similar to other

countries in the world. The extent of

this crisis is underestimated when con-

firmed COVID-19 death counts are

used, as we found that excess mortality

was 46% higher than confirmed counts.

We also identified specific age-, sex-,

and place-specific patterns of death,

highlighting the vulnerability of middle-

aged adults (40–59 years). As mitigation

measures are lifted, and vaccine roll-

out continues, consideration must be

paid to this group, which is also highly

exposed from their economic participa-

tion. Lastly, gaining a better under-

standing of deaths at home, including

addressing potential barriers to access-

ing health care, may provide clues to

mitigation strategies.

Public Health Implications

In Guatemala, high vulnerability was

found not only in the elderly but also in

middle-aged adults (40–59 years), who

are also highly exposed to COVID-19

because of their active participation in

the economy and high prevalence of

noncommunicable chronic diseases. Key

stakeholders need to consider middle-

aged adults with noncommunicable

chronic diseases as priority for vaccina-

tion purposes and to plan a national

chronic disease survey to quantify the

prevalence of noncommunicable chronic

diseases in this population.
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